Results of the study to assess the difference in reactivity of the formyl group present at various positions in substituted pyrazolecarbaldehydes for the Baylis-Hillman reaction under the influence of DABCO are described.
Introduction
The Baylis-Hillman reaction has been instrumental in providing ready access to several useful intermediates, which lead to generation of novel structural motifs. 1 The varying conditions 2 and development of novel catalysts 3 for this particular reaction have not only provided new alternatives to synthetic chemists but has also led to considerable progress in understanding of the mechanism of this reaction. 4 Despite this enormous development, not much attention has been directed towards understanding the difference in reactivity of the formyl group present at various positions within a system. In case of substituted benzaldehydes it is well known that the substitution on the benzene ring has direct implications on the reactivity of the formyl group. The nitro-or trifluormethyl-substituted benzaldehydes are some of the fastest reacting substrates due to their electron-withdrawing character while the methoxy-or dimethoxybenzaldehyde's sluggish nature for the Baylis-Hillman reaction is attributed to their electron-donating nature. However, in case of heterocyclic systems such effects are not pronounced and therefore not much has been described pertaining to the difference in reactivity of the formyl group present at different positions within a heterocyclic system for this reaction. We were the first to examine the difference in reactivity of the formyl group for the Baylis-Hillman reaction in various substituted isoxazolecarbaldehydes. We have observed that the formyl group present at 3 or 5-position in isoxazole ring undergo a fast Baylis-Hillman reaction as compared to the formyl group present at the 4-position ( The better reactivity of 3-and 5-isoxazolecarbaldehydes was attributed to a hypothetical assumption that the lone pair of electrons in the heteroatoms present in proximity to the carbon atom bearing the formyl group helps in eliminating the tertiary base from the intermediate in the final step of the reaction. However, possibility of other electronic or steric factors or the effect of the basicity of the heteroatom present in the proximity of the carbon bearing formyl group is not ruled out. We have also reported that the presence of a electron withdrawing group such as methoxy carbonyl on the carbon adjacent to the one bearing the formyl group further increases its reactivity for this particular reaction. 6 Recently, Rao et al. 7 reported that substituted 2-chloro-3-pyridinecarbaldehydes are also fast reacting substrate for Baylis-Hillman reaction. Although they did not draw any comparison of their substrate with 3-pyridinecarbaldehyde, it can be extended from the literature that perhaps the formyl group in 2-chloro-3-pyridinecarbaldehyde have better reactivity than the 3-pyridinecarbaldehyde. It is quite likely that the presence of a halide on the carbon adjacent to the one bearing the formyl group may have some effect on its reactivity for the Baylis-Hillman reaction. These observations provoked the need to explore the reactivity of the formyl group towards this reaction in other heterocyclic systems too. In our studies aimed at this objective we have carried out the Baylis-Hillman reaction of differently substituted pyrazolecarbaldehydes. This has led to interesting results which prompt us to report the details of our study in this paper. The choice of studying the pyrazolecarbaldehyde was influenced by the fact that it is one of the closest heterocyclic systems to isoxazolecarbaldehydes and desired substrates can be easily generated. Moreover, Baylis-Hillman derivatives of different pyrazolecarbaldehydes shall lead to generation of several building blocks which can be synthetically diversified to obtain the chemical libraries of pyrazoles. Several pyrazole derivatives are of high pharmaceutical interest and are ascribed with wide range of bioactivities.
8 These include antirheumatic, topoisomerse inhibitors, antiinflammatory, anticoagulant, cannabinoid receptor ligands, antimicrobials and estrogen receptor antagonists.
Results and Discussion
The initial objective to generate different pyrazolecarbaldehydes was achieved either by known procedures or via modifying the literature methodologies. The scheme 1 illustrates the synthesis of 1,5-disubstituted-1H-pyrazole-3-carbaldehyde and 2,5-disubstituted-2H-pyrazole-3-carbaldehyde. 9 The treatment of acetophenones 1a-c with diethyl oxalate in the presence of NaH furnished the diketoesters 2a-c. Reaction of 2a-c with phenylhydrazine in the presence of catalytic amount of TFA yielded a mixture of pyrazole esters 3a-c and 4a-c. Separation of these regioisomers at this stage was not convenient. Therefore the mixture containing both regioisomers was treated with LiAlH 4 in dry diethylether to afford the product as mixture of 5a-c and 6a-c. Due to significant difference in the polarity of these alcohols they were easily separated via column chromatography over silica gel. Compounds 5a-c were obtained as the major isomer while 6a-c were separated as the minor product. Subsequently these alcohols were subjected to oxidation in the presence of PCC. Oxidation of alcohols 5a-c yielded 7a-c in 55-57% yield while oxidation of 6a-c afforded 8a-c in 75-80% yield.
In the next step the major products 7a-c were subjected to Baylis-Hillman reaction with several alkenes in the presence of DABCO under neat condition. Initially the reactions were carried out in the presence of 0.5 equiv. of DABCO and 1.2 equiv. of activated alkene (scheme 2). The results of the Baylis-Hillman reaction of 7a-c with different alkenes are summarized in Table 1 . It was observed that when acrylonitrile, methyl acrylate or ethyl acrylate were employed as alkene, the starting aldehydes were completely consumed however in the case of tert-butyl acrylate or cyclohexen-1-one, some amount of starting substrate left unreacted even after 3 days.
It was interesting to note that amongst different aldehydes used for the reaction the one bearing unsubstituted phenyl group was sluggish towards the reaction as compared to the ones bearing substituted phenyl groups. It was observed during these reactions that the acrylonitrile reacts more efficiently as compared to other alkenes. Since it is known that rate of the BaylisHillman reaction is increased under the influence of sonication, 10 in a model study the reaction of compound 7b was performed with acrylonitrile and methyl acrylate under sonication. Interestingly the reaction with acrylonitrile was complete in 3.5 h instead of 7 h while the reaction with methyl acrylate was accomplished in 8 h instead of 10 h. These results inferred that the sonication does have positive effect on the rate of the Baylis-Hillman reaction in these substrates.
In the next stage, compounds 8a-c belonging to other regioisomer were subjected to the Baylis-Hillman reaction with several alkenes, the results of which are summarized in Table 2 (scheme 3). Interestingly unlike 7a-c, these substrates undergo faster Baylis-Hillman reaction though the behavior of different alkenes remains the same. Herein too the starting substrate failed to react completely with tert-butyl acrylate, methyl vinyl ketone or cyclohexen-1-one. Although methyl vinyl ketone is highly activated alkene, the incomplete reaction may be speculated due to Michael type dimerization of this reagent under the influence of DABCO.
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Within this prototype, different aldehydes had almost similar reaction rates. Table 1 ; ii) 2-cyclohexen-1-one, DABCO, rt. Table 2 ; ii) 2-cyclohexen-1-one, DABCO, rt. All reactions were carried out with 0.5 eq. of DABCO and 1.2 eq. of activated alkene with respect to starting aldehyde under neat condition. b The time and yields are mean of two set of reactions with each substrates. After the specified time no further change in the reaction was observed.
In the next part of the study it was desired to investigate the reactivity of the formyl group present at the 4-position of the pyrazole ring. On the basis of our earlier observation with different isoxazolecarbaldehydes, it was envisaged that the pyrazole-4-carbaldehyde would be a slow reacting substrate for the Baylis-Hillman reaction. Therefore, the synthesis of 4-pyrazolecarbaldehydes 20a-c was accomplished via the reported strategy (scheme 4).
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Compounds 20a-c were subjected to the Baylis-Hillman reaction with different alkenes. Expectedly, the reaction failed to occur with 0.5 equiv. of DABCO and 1.2 equiv. of alkenes. Therefore, the amount of DABCO was increased to 1.0 equiv. while that of alkenes to 3.0 equiv. Results of the Baylis-Hillman reaction with 4-pyrazolecarbaldehydes are summarized in Table 3 . In most of the cases the reactions take longer periods and yields of adducts were low. The unsubstituted phenyl group bearing pyrazolecarbaldehyde behaved as poor electrophile and no product could be isolated in the case of ethyl and tert-butyl acrylates. Table 3 . All reactions were carried out with 1.0 eq. of DABCO and 3.0 eq. of activated alkene with respect to starting aldehyde under neat condition. b The reaction was pursued for longer periods when no product formation was observed in 7 days. NR= no reaction
Acrylonitrile here too underwent Baylis-Hillman reaction at a better rate as compared to other alkenes. With the objective to improve the reaction rates and yields, sonication was also attempted but without any success. Additionally in a representative study the reactions of 20c with acrylonitrile were performed using methanol and DMSO as the solvent. In the presence of methanol though the reaction was clean only 18% of the product could be isolated after 96 h of reaction time. On the contrary the reaction in DMSO led to formation of number of spots on TLC, but a careful chromatography led to isolation of 38% of the Baylis-Hillman adduct and recovery of the 20% of the starting material. Further reaction of 20b with acrylonitrile in the presence of trimethylamine under aqueous methanol furnished only 15% of the corresponding adduct 21b even after 6 days of reaction time. These results provide further evidence that the proximity of the heteroatom influence the reactivity of the formyl group for the Baylis-Hillman reaction within a heterocyclic system. Similar to isoxazolecarbaldehydes, we speculate that the lone pair of the heteroatom might be instrumental in eliminating the DABCO from the intermediate.
5b,c
It has been stated in the preceding text that within a heterocyclic system introduction of a halo group on a carbon adjacent to the carbon bearing the formyl group (as for pyridinecarbaldehydes) increases the reactivity of the formyl group for the Baylis-Hillman reaction. In our objective to evaluate whether the introduction of a halo-substituent on the carbon adjacent to the carbon containing the formyl has any positive effect on the reactivity of the formyl group in pyrazole-3-carbaldehyde, compounds 25a-c were prepared by treatment of 7a-c with iodine monochloride. 13 The choice of introducing the iodo group was governed by the well documented synthetic utility of 4-iodo-pyrazoles for cross coupling protocols. 14 Furthermore, the Baylis-Hillman reaction on this substrate would yield products suitable for generating pyrazoleannulated ring systems. It was pleasing to observe that the reaction of 25a-c with 1.5 equiv. of acrylonitrile in the presence of 0.5 equiv. of DABCO was complete at a better rate compared to other aldehydes (scheme 5).
Scheme 5. Reagents and Conditions: i) ICl, K 2 CO 3 , CHCl 3 , rt, 18h; ii) CH 2 CH=CN (1.5 eq.), DABCO (0.5 eq.), rt.
Conclusions
In summary, our study provides further insight into the fact that within a heterocycle the formyl group present on the carbon atom adjacent to the heteroatom has better reactivity for the BaylisHillman reaction as compared to the formyl group which is present on the carbon away from the heteroatom. Several pyrazole derivatives synthesized during the present study may serve as useful starting material for generating new pyrazole derivatives including the pyrazole annulated scaffolds. The work towards this objective is underway in our laboratory.
Experimental Section
Melting points are uncorrected and were determined in capillary tubes in apparatus containing silicon oil. IR spectra were recorded using a Perkin Elmer RX I FTIR spectrophotometer. O; C, 75.73; H, 5.02; N, 13.94. Found C, 75.50; H, 5.18; N, 13.99 . 7, 69.4, 105.4, 117.5, 125.6, 125.8, 127.3, 128.2, 129.0, 129.4, 129.6, 131.0, 139.0, 140.1, 145.4, 151.9; mass (ES+) 4, 105.8, 117.4, 125.4, 125.7, 128.6, 128.7, 129.3, 129.6, 130.4, 131.2, 135.2, 139.7, 144.0, 152.0; mass (ES+) 6, 105.6, 125.4, 126.6, 127.6, 128.7, 129.0, 129.3, 138.4, 140.1, 144.3, 153.8, 167.0 6, 61.4, 69.0, 106.2, 125.7, 126.7, 127.9, 128.7, 128.9, 129.1, 129.3, 130.8, 140.3, 141.5, 144.4, 154.2, 166.9 9, 19.8, 59.7, 67.2, 104.6, 124.1, 125.0, 126.5, 127.5, 127.8, 128.6, 133.1, 138.3, 139.7, 141.6, 152.7, 165 6, 61.4, 69.0, 106.3, 125.7, 126.7, 127.4, 128.2, 129.2, 129.5, 130.3, 134.8, 140.0, 141.4, 143.2, 154. 9, 26.2, 39.0, 68.8, 106.4, 125.7, 127.8, 128.7, 128.8, 129.1, 129.3, 130.8, 140.1, 140.4, 144.4, 148.0, 154.5, 200.9 , 71.84; H, 5.43; N, 8.38. Found C, 71.90; H, 5.33; N, 8.38 . 3, 65.0, 103.3, 125.8, 126.3, 127.2, 128.7, 128.9, 129.5, 131.6, 133.9, 139.5, 140.5, 145.1, 150.7, 166.3; mass (ES+) 2-[(1,3-diphenyl-1H-pyrazol-5-yl) 6.36; N, 7.36. Found C, 69.28; H, 6.35; N, 7.15 . 14.5, 61.6, 65.3, 103.5, 125.9, 126.3, 127.4, 128.9, 129.2, 129.7, 131.8, 134.1, 139.7, 140.9, 145.3, 150.9, 166 4, 65.4, 82.3, 103.7, 125.5, 125.7, 126.2, 128.4, 128.6, 129.0, 129.6, 133.3, 139.9, 142.3, 145.3, 152.0, 165.4 4, 65.5, 82.4, 103.6, 125.7, 127.4, 128.8, 129.2, 129.7, 131.9, 134.1, 139.7, 142.2, 145.5, 150.9, 165.4 , 5.70; N, 8.80. Found C, 75.34; H, 5.73; N, 8.86 . , 6.06; N, 8.43. Found C, 75.95; H, 6.14; N, 8.59 . 6.61 (s, 1H, =CH), 7.38 (d, 2H, J= 8.4 Hz, ArH), 3H, ArH), 7.63 (d, 2H, J= 8.4 Hz, ArH), 7.79 (d, 2H, J= 8.4 , 68.09; H, 4.86; N, 7.94. Found C, 67.88; H, 4.77; N, 8.09 . 6.12; N, 7.73. Found C, 73.07; H, 5.92; N, 7.60 6.43; N, 7.44. Found C, 73.58; H, 6.29; N, 7.53 8, 26.1, 38.8, 65.6, 103.7, 126.1, 127.4, 128.9, 129.2, 129.7, 131.9, 134.0, 138.9, 139.9, 145.9, 148.4, 150.9, 200 MHz) δ= 21. 7, 66.7, 117.6, 119.7, 120.5, 126.0, 127.3, 127.4, 128.6, 129.8, 129.9, 130.8, 138.9, 140.0, 152 C, 73.82; H, 6.71; N, 7.17. Found C, 73.88; H, 6.64; N, 6.98 0, 69.6, 116.9, 124.4, 124.9, 128.1, 128.7, 129.0, 129.3, 129.5, 130.4, 131.7, 139.6, 145.6, 151.3 O; C, 49.43; H, 2.84; N, 9.10. Found C, 49.22; H, 3.03; N, 8.87 . Preparation of 4-Iodo-1,5-diphenyl-1H-pyrazole-3-carbaldehyde. To a stirred solution of appropriate compound from 7a-c (4.03 mmol) in CHCl 3 (30 mL) was added K 2 CO 3 (1.67g, 12.1 mmol) followed by dropwise addition of a solution of iodine monochloride (1.97 g, 12.1 mmol) in CHCl 3 (5 mL). After 18 h of stirring at room temperature, the reaction was quenched with Na 2 SO 3 (1.0 M, 40 mL) and extracted with CH 2 Cl 2 (3x30 mL). The organic phases were pooled, dried over Na 2 SO 4 and evaporated in vacuo. Purification of the crude product by column chromatography (silica gel 60-120 mesh) using EtOAc/hexane as the eluent gave the substituted 1,5-diphenyl-1H-pyrazole-3-carbaldehydes. 4-Iodo-1,5-diphenyl-1H-pyrazole-3-carbaldehyde (25a 125.5, 128.7, 129.1, 129.5, 129.6, 129.8, 130.3, 139.5, 139.8, 147.0, 149.0 
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